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DEVICE FOR INTRODUCING PORES INTO BIOLOGICAL MATERIALS 

Field of the Invention 

The present invention relates to a device for use 
in, inter alia, molecular biological work. 
Background Art 

5 In the fields of research biotechnology and bio- 

medicine, it is often necessary to introduce a large 
molecule or a bioparticle into a biological structure, 
such as a bacterial cell. Cells and also viruses have an 
outer barrier for protection against the environment and 

10 also a selective transport system for nutritive sub- 
stances. In order to force natural protective mechanisms 
and introduce a substance which is not desirable for the 
target organism, some sort of chemical or physical treat- 
ment of the target cell is necessary. Examples of tech- 

'15 niques of forcing the outer cell membrane of cells, and 
where appropriate also the cell wall, are available in 
the fields of research genetic engineering and molecular 
biology. 

When a new genetic/ code is transferred to a spe- 
2 0 cially selected host cell, the technique is referred to 
as transformation or tzransf ection. There is no general 
method to be used iorj jail types of cells, but a technique 
is available for each/ cell type and purpose. Moreover it 
is not possible to transform all cell types using the 
25 techniques that are /currently available. In 1970, Mandel 
and Higa- (J. Mol. Bio. 53: 159-162) reported that E.coli 
cells which had been pre-treated with CaCl 2 could be made 
to take up foreian DNA when subjected to a temperature 
shock. After tha£ the method has been continuously de- 
30 veloped, (see e/g. US patent application US97/01788) . 

By exposing cells, during a fraction of a second, to an 
electric pulse of high voltage, pores in cell membranes 
open, referred to as electroporation (Zimmerman et al . 
J. Membr. Biol. 67 x 165-82 (1983)), which is frequently 
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used as transformation technique. Bacterial, yeast and in 
some cases also mammalian cells and pla^x cells can, in 
specific conditions, be transformed by means of electro- 
poration. Also in this case, a c<Winuous development 
5 of the technique is in progress /see patent applica- 
tions US97/16721, US98/l6042K^n the two methods de- 
scribed above, the cell envelope is opened sufficiently 
long for the DNA molecule j£o enter the cell. The third 
and last developed meth^y for transformation is so-called 

10 lipofection (Old and Primrose, in Principles of Gene 
Manipulation; An Jn^roduction to Gene Manipulation, 
Blackwell Science >^1995) ) where the foreign DNA is en- 
closed in/binds Xzo a cationic liposome which fuses with 
the outer memhr^e of the target cell. There is one more 

15 commercial technique for transformation of plant cells, 
where a pl^rit part selected for the purpose is bombarded 
with smalr gold grains which are prepared with the for- 
eign geoe (Boynton J.E. et . Science 240, 1534-1538, 
1988)y£/ Such gene transfer has been developed for trans- 

20 forrj^ation of other tissues, such as bacteria, fungi, 
insect and mammalian cells (Johnston S.A. Nature 346, 
776-777, 1990) . 

' It is especially in the applications described above 

that the present invention can be used. However, it is 

2 5 quite possible to use the inventive device to introduce 

other exogenic materials in applications, such as direct 
transfer of proteins, RNA molecules, fatty acids, pep- 
tides, medical preparations etc., to study the response 
of specific cells and viruses. Moreover the device ac- 

3 0 cording to the invention is particularly suitable for 

lysis of cells for the purpose of carrying out lysis as 
well as identification and isolation of specific cellular 
components in one and the same method. 
Summary of the Invention 
35 Thus, the present invention relates to a device, 

characterised in that it comprises at least one coil in 
which, a magnetic alternating field can be generated and 
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into which a sample can be inserted, where said magnetic 
field causes an increase of the thermal and/or kinetic 
energy of magnetically susceptible, particles in said 
sample, the increased thermal and/or kinetic energy of 
5 said particles causing the formation of pores in bio- 
logical membrane -enveloped structures which are to be 
found in said sample, said pores allowing introduction 
or extraction of bioparticles into/from said biological 
membrane-enveloped structures. 

10 The method also relates to a method where a device 

according to the invention is used for specific lysis of 
cells. Furthermore the invention relates to a method 
where a device according to the invention is specifically 
used to modify the genetic code and/or metabolism of a 

15 host cell. 

Brief Description of the Drawings 

Fig. 1 is a principle sketch of the device according 
to the present invention. 

Fig. 2 is an Example of an electronic current supply 

20 circuit. 

Fig. 3 is an Example of the connection of a coil. 

Fig. 4 shows an Example of a magnetically suscep- 
tible particle. 

Fig. 5 shows a device which can generate a gradient 
25 field. 

Detailed Description of the Invention 

According to one aspect of the invention, the device 
is characterised in that said magnetic field has an 
alternating field direction of a frequency in the range 
30 1-5 MHz. 

According to another aspect, the device is charac- 
terised in that said magnetic field has a field strength 
of at least 1 mT. 

According to one more aspect, the invention is char- 
35 acterised in that said magnetic field is non-homogeneous 
and has an alternating gradient field direction, the di- 
rection of said alternating gradient field being gene- 
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rated by two coils, and said sample is inserted between 
the coils. 

According to one more aspect, the device according 
to the invention is characterised in that said coils are 
5 supplied with alternating current of different frequen- 
cies. 

According to yet another aspect, the device is char- 
acterised in that said coils-are supplied with either the 
positive or the negative part of the supplied alternating 
1 0 current . 

According to another aspect, the device is charac- 
terised in that it is equipped with a thermostat for 
accurate temperature control of said coil or coils and/or 
said sample. 

15 According to a further aspect, the device is char- 

acterised in that it is equipped with a variable timing 
for accurate control of the time during which said alter- 
nating current is on and during which said sample is 
exposed to said applied magnetic field. 

20 According to another aspect, the device is charac- 

terised in that it is equipped with a control system for 
accurate setting of strength and frequency of said alter- 
nating current. 

The biological membrane -enveloped structures consist 

25 of, inter alia, body tissue, cells, bacteria, virus -par- 
ticles, organelles at a sub-cellular level, liposomes or 
proteins . 

The bioparticles that are suitable for introduction 
into/extraction from membrane -enveloped structures are, 

3 0 inter alia, DNA molecules, RNA molecules, proteins, other 
biopolymers, peptides, chemical preparations, organic 
compounds, inorganic compounds or synthetic polymers or 
combinations thereof . 

The technique on which the invention is partly based 

35 is a combination of magnetic nanotechnology and peptide 
chemistry. A magnetically susceptible particle having a 
size of between some ten micrometers and one nanometer is 
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used as a reagent in the technique.. When such a particle 
is exposed to a certain magnetic field, it is made to 
vibrate and generate heat. Fig. 1 is a principle sketch 
of the present invention. The biological sample is mixed 
5 with a reagent intended for the purpose and is then 

placed in a sample holder (a) . The desired strength and 
frequency of the magnetic source (b) are adjusted, where- 
upon the desired temperature of the cooling element (c) 
is adjusted. The magnetic source is either one coil or 

10 two coils/ the sample being placed between them according 
to Fig. 5. The magnetic source and the sample holder are 
enclosed in an isolated unit, in which the temperature is 
determined by the cooling element. To ensure the correct 
temperature in the sample holder, a temperature sensor 

15 (d) can be connected to the system. The variables tempe- 
rature, strength and frequency of the magnetic field and 
treatment intervals are controlled and can be followed on 
a digital display (e) . 

Fig. 2 illustrates an example of en electronic 

20 current supply circuit which comprises an oscillator (1) 
based on the circuit XR2206, whose output signal (2) is 
amplified by a power amplifying step (3), which. is based 
on the circuit PBD 3548/1, whose output signal (4) can 
operate an alternating current (1MHz, 2A) through one or 

25 more coils. An example of the connection of said coil is 
shown in Fig. 3, with an oscillating circuit consisting 
of a 2 Q resistance (6), a 0.50 nF capacitor (7) and a 
50 /zH coil (8) , said circuit being supplied with alter- 
nating current (5) . For a person skilled in the art it 

3 0 is obvious that the above-described example illustrated 
in Figs 2 and 3 can easily be modified and that the same 
result can be obtained with the aid of alternative con- 
nections and coils. 

Examples of magnetic materials that are used in the 

35 method according to the invention are described in the 

patent literature, e.g. US 4,323,056 (Borelli et al) . The 
magnetically susceptible particle and a possible configu- 
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ration are also illustrated in Fig. 4. The magnetically 
susceptible core (9) of the particle consists essentially 
of magnetite (iron oxide) . Further the particle is coated 
with an outer layer (10) consisting of a derivatised 
5 polymer (Dextran) , or a monolayer or alternatively bi- 
layer of derivatised fatty acids.. The choice of the type 
(number of amino acid or carbohydrate units and sequence) 
of ligand 11 which is used for the derivatisation is 
individually adapted to each application of the magnet- 
ic) ically susceptible particle, the effect of which can be 
still more amplified by its surface being further modi- 
fied with one or more effector molecules 12 . 

By adding said particles to a cell suspension and 
then exposing the cell to a magnetic field with alter - 
15 nating field direction, instantaneous heating of the 

medium surrounding each magnetically susceptible particle 
is obtained. The heat induces a temperature shock in cell 
and cell membrane, which causes temporary openings in the 
cell membrane. The heat is induced quickly and homogene- 
20 ously in the entire sample, which makes it possible for 
the sample and the cells to be exposed to treatment for 
a short while, which increases the survival frequency of 
the exposed cells. Example 1 describes transformation of 
Escherichia coli. 
25 In a conventional transf ormation method involving a 

temperature shock, the test tube containing the cell 
suspension is exposed to a higher ambient temperature 
(42°C) , whereby a temperature gradient arises from the 
test tube wall and into the sample, the composition of 
3 0 which requires a longer time than the method according to 
the present invention and which further implies that the 
cells that are located closest to the cell wall are 
exposed to the higher temperature for a longer time than 
those in the centre of the tube. Thus, some of the cells 
35 will die owing to the increased temperature while a frac- 
tion of the cells remain untreated. The method according 
to the invention circumvents this problem by the instan- 
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taneous heating round each particle in the sample holder. 
The effect is amplified if the particle is besides di- 
rected immediately to the cell envelopes via the ligand 
molecules on the surface of the particle. This is a great 
5 advantage compared with conventional transformation 

methods where the balance between heat shock and cells 
death is important to the final result. 

Furthermore, the field strength of the magnetic 
field can be varied in space, a so-called gradient field 
10 which in combination with alternating field direction 

causes mechanical vibrations (kinetic energy increases) 
in the particles, which in combination with heat radia- 
tion (thermal energy) amplifies the effect of the par- 
ticles on the cell membrane surrounding all cells (and 
15 cell wall, where appropriate) . The present invention 
describes a completely new method involving induction 
of heat or powerful introduction of shearing forces, or 
a combination thereof. The shearing forces initiate dis- 
locations in the cell membrane owing to mechanical 
2 0 fatigue, which results in breaks in cell membranes (and 
cell walls in the cases where the target cell is, for 
example, a bacterium) . The method is based on the use 
of an alternating externally applied gradient magnetic 
field. A gradient field is provided with at least two 
25 coils, which are supplied with either the positive or 
the negative part of the supplied alternating current, 
or alternatively said coils are supplied with alternating 
current of different frequencies. A device which can 
generate a gradient field is described in Fig. 5. The 
30 functional principle is based on two coils (A) and (B) 
(with or without ferrite core) being arranged opposite 
to each other according to Fig. 5. A control unit (C) 
controls the current through the coils, so that the coils 
only one at a time have a current passing through their 
35 windings. This current alternation, whose frequency is 
controlled by means of the oscillator (OSC) , results in 
the coils alternatingly generating the gradient magnetic 
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fields (D) and (E) with different gradient directions. 
A magnetically susceptible particle (P) located between 
the coils will experience a gradient magnetic field with 
periodically alternating direction, which will induce a 
5 mechanical vibration. Alternatively, a gradient field can 
be generated when the two coils are supplied with current 
of two different frequencies. The difference in frequency 
between the current in the two coils controls the fre- 
quency of the alternation of the gradient. 

10 By letting the magnetic treatment take place for a 

short while, conditions are created for a large number of 
surviving cells after treatment. As long as the cell 
envelope is open, the molecule which is to be transformed 
should be introduced into the cell. To optimise this 

15 procedure, the molecule can also be directed to the cell 
envelope. Both processes are effected by connecting rec- 
ognition molecules for binding on the one hand to the 
cell surface and, on the other hand, to said molecule of 
one and the same ferromagnetic particle. Molecules, which 

2 0 on a biochemical basis can recognise and bind to bio- 

logical structures of different kinds can be, for ex- 
ample, short synthetic peptides, parts of an antibody or 
an enzyme. 

By connecting a recognition -molecule of a target 
25 protein, such a recombinant protein, to the magnetically 
susceptible particles, the device according to the inven- 
tion can be used for lysis and specific purification of 
said target protein in one and the same method. Compared 
with alternative techniques of lysis (mainly enzymatic 

3 0 and mechanical lysis) , in combination with one or more 

purification steps, the use of the device according to 
the invention saves above all time, but also material. 

The inventive device can advantageously be used on 
the one hand for a transformation method and, on the 
35 other hand, for purification of specific cell components, 
which makes the device unique. Regardless of the purpose, 
the method should take place while the coils are kept at 




WO 01/18168 , PCT/SE00/01743 

9 

a constant temperature, which means that a cooling ele- 
ment and a temperature control should be incorporated 
into the controllable magnetic equipment. Moreover it 
is advantageous for the various potential fields of 
- 5 application of the device that the strength and frequency 
of the magnetic field as well as the time during which 
the sample is exposed to the treatment are variable. 
EXAMPLE 1 

The following Example describes a method for trans - 
10 formation of Escherichia, coli (E.coli) with pUC18 plas- 
mid : 

100 /xl competent E.coli cells are mixed at 0°C with 
500 pig pUC18 dissolved in 30 /zl 0.05 M CaCl 2 . The sample 
is introduced into the sample container in the device 

15 according to the invention and incubated for 3 0 min at 0°C 
in the coil. Then the sample is treated for 30 s at 1MHz, 
2A. 1 ml sterile LB broth is then added to the sample, 
which is then incubated in water bath for 1 h at 37 °C. 
Subsequently the cells are spread on agar plates con- 

20 taining selection pressure, 50 /xg//zl ampicillin, for only 
the transformed bacteria to be obtained. The experiment 
should include a reference sample which does not contain 
pUC18 in order to assess survival and transformation 
frequency.- 



